JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
Introduction
Through direct personal contact we have identified over 2,000 corporations in the United States, Canada, and Europe who are either using, developing, or planning to develop some form of corporate planning model. In September of 1974 we mailed a 47-question questionnaire to 1,881 corporations which were thought to be either using, developing, or planning to develop a corporate planning model. Our objectives were to ascertain (1) who is using corporate models, (2) why they are being used, (3) how they are used, (4) which resources are required, (5) In 1969 George W. Gershefski conducted a similar survey of 1900 corporations of which 323 (17%) responded.' At that time Gershefski was only able to identify 63 corporations (20% of his sample) who claimed to be using or developing a corporate planning model. The results of our survey are summarized in Table 1 .
In summary 73% of the firms in our sample were either using or developing a corporate planning model. Another 15% were planning to develop such a model and only 12% had no plans whatsoever to develop a planning model.
Of those firms which indicated they are using a corporate simulation model, 39% claimed to have modeled the "total company." We suspect that this figure overstates the case and may reflect differences in interpretation as to what constitutes the "total company." In actual practice, relatively few firms have managed to integrate the financial, marketing, and production activities of the firm into a truly integrated corporate simulation model. Three notable exceptions to this rule are CIBA-GEIGY [23] , IU International [9] , [11] and Anheuser-Busch [12] . Each of these firms has successfully achieved the development and implementation of a total corporate simulation model. The CIBA-GEIGY model is probably the most sophisticated corporate simulation model in existence today. It is used extensively by corporate and division management to evaluate long-range plans. That 80% of the firms which are using corporate planning models have modeled the financial structure of their business comes as no surprise to anyone. Indeed, the only surprising thing about that percentage is that it was not 100%. Financial models are quite easy to develop, require a minimum amount of data, and can be validated against the firm's existing accounting structure [18], [27] . Some form of marketing model is being used by 41% of the firms which have operational corporate planning models. This percentage reflects the fact that forecasting [1] and econometric modeling [3] , [12] , [28] are not as well known to corporate planners as the more traditional tools of financial analysts. The production activities of the corporation have been modeled by 39% of the firms which are users of corporate planning models. In most cases these production models [18], [19] are relatively straightforward activity analysis (cost accounting) models which reflect the cost of operating at different rates of output. However, CIBA-GEIGY [23] and Anheuser-Busch [12] make use of linear programming models to determine minimum cost production plans which are in turn linked to corporate financial models. The important point to realize is that while many firms (particularly the petroleum industry) make extensive use of mathematical programming models to run their refineries, relatively few of these mathematical programming models are linked into a corporate model.
Who Is Using Corporate Models?
We asked those firms which are using corporate simulation models to indicate who the actual users of the model are. The results are tablulated in Table 2 . The table shows the percentage of firms in our sample for which a particular person is receiving and using information produced by the corporate model. These results are indeed encouraging for they indicate that in approximately half of the corporations which are using corporate simulation models, the right people are receiving and actually using the output generated by the models. There is abundant Next we examine the relative size of the firms in our sample which are using corporate simulation models. We use total sales as a measure of the size of these corporations. Although over half of the firms in our sample of corporate modeling users have sales in excess of 500 million dollars, it is interesting to note that 10% of the users of corporate models have sales which are less than $100 million. With the advent of timesharing computer languages which facilitate the development of corporate planning models, corporate modeling is now economically feasible for firms with sales less than $10 million.
The geographic distribution of corporations which are employing corporate simulation models may also be of some interest. As can be seen in Table 5 , firms using corporate models are spread rather evenly over the Midwest, Northeast, and South. Most of the Canadian firms using corporate models are located in or near Toronto and Montreal. (Table 5 only reflects the location of the corporate headquarters of the firms.) Finally, some descriptive information on the people who filled out the questionnaire may help put the results of this survey in perspective. In response to the question "What is your relationship to your firm's corporate model?" 52% of the respondents were users of the model, 69% were model builders, and 29% were sponsors of the project. As for the age distribution of the respondents, 26% were under 30 years old, 49% were between 31 and 40 years old, 17% were between 41 and 50, and 5% were between 51 and 60. None of the respondents was over 60 and 3% chose not to reveal their age. The respondents were found to be members of the following professional organizations The Institute of Management Sciences (TIMS) 31%, Operations Research Society of America (ORSA) 18%, North American Society for Corporate Planning 14%, Planning Executives Institute 9%, Association for Computing Machinery 6%, and Financial Executives Institute 3%.
Why Are They Used?
Financial applications dominate the list of reasons why corporations are using corporate planning models these days. Cash flow analysis, financial forecasting, balance sheet projections, financial analysis, pro forma financial reports, and profit planning are among the leading applications of corporate simulation models. Table 6 contains a summary list of existing applications or corporate models based on our survey results. The percentages denote the percentage of firms in our sample of users which make use of a particular application.
How Are They Used?
Next we shall analyze the results of a series of questions aimed at determining how corporate models are used. Table 7 indicates that corporate simulation models are used most often (1) to evaluate alternative policies, (2) to provide financial projections, (3) to facilitate long-term planning, (4) to make decisions, and (5) to facilitate short-term planning. The time frame on which corporate models are based varies widely. Forty-five percent of the corporate models in our sample are annual mnodels, 5% are quarterly models, 14% are monthly models, and 33% are some combination of the above. The average length of the planning horizon turned out to be eight years for the firms in our sample. The frequency with which the model is used was found to vary from several times a day to annually. One third of the respondents indicated the model was used "when necessary." 
Resource Requirements
Most of the existing corporate models (67%/o) were developed in-house without any outside assistance from consultants, 24% were developed in-house with outside consulting, and 8% were purchased from an outside vendor. Eighteen man-months was the average amount of effort required to develop models in-house without outside assistance. The average cost of these models was $82,752.
For those models which were developed in-house with the help of outside consultants, the average elapsed time required to complete the model was ten months. The average cost for those models was $29,225.
In terms of computer hardware, 42% of the models are run on in-house computing equipment, 37% are run on an outside timesharing bureau, and 19% are run both in-house and on a timesharing bureau. Of the firms using corporate models in our sample, 62% run their models in conversational mode while 56% utilize the batch mode of computation. In our sample of firms using corporate models, 43% ran these models on IBM computers, 5% on UNIVAC, 4% on Honeywell, 3% on Xerox, 2% on Burroughs, 1% on Digital Equipment Corporation and 1% on NCR.
FORTRAN is by far the most widely used computer language for programming corporate simulation models. Fifty percent of the existing models were programmed in FORTRAN, 8% in COBOL, 5% in PL/1, 4% in APL, 2% in Assembler, and 1% in DYNAMO. Another 26% of the models were programmed in one of over forty planning and budgeting languages which are available to facilitate the development and programming of corporate planning models. These include languages like PROPHIT II [21] , PSG [10] , [20] and SIMPLAN [25], [26] . These languages tend to be much more user (management) oriented than scientific languages such as FORTRAN, APL, and PL/1. Although firms with sales less than $100 million typically would not employ scientific programmers, it is possible to teach financial analysts a language like SIMPLAN in a matter of hours. With the availability of planning languages on timesharing bureaus, much smaller firms now find it economically feasible to develop and use corporate models.
Although econometric modeling techniques [12] , [28] are not used very extensively even by the largest corporations in the United States, Canada, and Europe, we found that 57% of the firms using corporate models subscribed to some national econometric forecasting service. In the United States, these services include Wharton Econometric Forecasting Unit, Chase Econometrics, and Data Resources, Inc.
Model Structure
In this section we shall summarize the features which characterize the logical structure of the corporate models which are presently in use. The vast majority (94%o) of these models are what management scientists call deterministic models [12] . That is, they do not include any random or probabilistic variables. Models which incorporate one or more probability distributions for variables such as sales, costs, etc. are called risk analysis [12] models. Only 6% of the corporate models in our sample make use of risk analysis. This result is by no means surprising, since risk analysis models involve a host of statistical and computational complexities which one can avoid by using deterministic models.
Most (76%) of the corporate planning models are what if models, i.e., models which simulate the effects of alternative managerial policies and assumptions about the firm's external environment. Only 4% of the models in our sample were optimization models in which the goal was to maximize or minimize a single objective function such as profit or cost, respectively. (The IU International Model is an example of an optimization model [9] , [11] .) However, 14% of the models used both approaches. The remainder of the firms in our sample either did not respond to the question or use some other approach.
The average number of equations in the models in our sample was 545. The range varied from 20 equations to several thousand equations. Most of the equations are definitional equations which take the form of accounting identities. The average number of definitional equations was 445. The average number of behavioral (empirical) equations was only 86. Behavioral equations take the form of theories or hypotheses about the behavior of certain economic phenomena. They must be tested empirically and validated before they are incorporated into the model. Twenty-nine percent of the respondents described their model as a collection of independent single equations not related to one another. Another 36% of the models were said to consist of a set of causally ordered (recursive) equations linked together over time. Only 16% of these models were jointly determined (simultaneous) linear equation models. And 6%1o were simultaneous nonlinear equation models.
Forecasting Techniques
Many corporate simulation models incorporate some form of short-term forecasting techniques particularly for sales and revenue projections. The paper by Chambers and Mullich [1] contains an excellent survey and evaluation of forecasting techniques. Table 9 indicates the extent to which forecasting routines have been utilized in the corporate models in our sample. 
Benefits
As can be seen in Table 10 , the major benefits which current users of corporate models have derived include: (1) ability to explore more alternatives, (2) better quality decision making, (3) more effective planning, (4) better understanding of the business, and (5) faster decision making.
Limitations
Opinions about the limitations of corporate models do not appear to be as intense or as well defined as opinions about the benefits of these models. The three shortcomings mentioned most often were: (1) lack of flexibility, (2) poor documentation, and (3) excessive input data requirements. 
Important Features
Also included in our survey was a question, "Which methods and techniques do you need most in your model building efforts?" The answers generated by this question can provide a basis for the design of future corporate models. Table 12 contains a list of the twelve features which were mentioned most often. Crucial to the successful implementation of any corporate simulation model is the political support of top management. Although suitable models and computer software are necessary for the success of corporate modeling, they are by no means sufficient. If the president of the company or at least the vice president of finance is not fully committed to the use of a corporate model, then the results are not likely to be taken seriously, and the model will see only limited use.
To get some feeling for the political environment in the firms where corporate modeling is being used, we asked a series of attitudinal questions concerning the interest of management in the corporate modeling activities of their firm. Table 13 contains a summary of the attitudes expressed by the firms in our sample. The findings displayed in Table 13 seem to imply that the corporate models included in our survey enjoy a relatively high degree of political support on the part of management. In 60% of the firms which are using corporate models top management is "'somewhat interested" in corporate modeling while another 30% are "very interested." On the other hand, the degree of interest in corporate modeling expressed by planning departments and finance is even higher. Another political consideration which can prove to be important is the question of which department is responsible for the development of a corporate model. Table 14 indicates that although the planning department is the department which most often has the responsibility for developing the model, there is a fairly even spread among other companies which have chosen either finance, operations research, or management science as the department responsible for development of the model.
If a company has centralized corporate planning and if the director or vice president of corporate planning reports to the president, then it is difficult to find any compelling reason why development of a corporate planning model should be under the auspices of any other department. It is interesting to note however, that in a number of corporations, the control of the corporate model has been perceived as an important source of political power. As a result, one frequently finds serious conflicts and rivalries among various departments competing for control of the corporate model. The Future of Corporate Modeling [18] As we indicated in the introduction, the number of firms using or developing corporate simulation models has increased from less than 100 in 1969 to over 2,000 in 1975. In a field characterized by such dramatic growth in such a short period of time, one can anticipate rapid changes in both the technology and application of corporate models over the next ten years.
Before speculating about the future of corporate modeling, it may be useful to go beyond the results of our survey and attempt to identify a number of reasons why so many firms are turning to the use of corporate planning models. The reasons people are turning to corporate planning models are almost identical to the reasons for implementing centralized corporate planning. The essence of corporate planning is risk and uncertainty. The degree of risk and uncertainty present in the external environment faced by most corporations is perhaps at an all time high. Nearly every firm in the United States is facing the following problems: 1. Energy, 2. Inflation, 3. Liquidity Crunch, 4. Shortages, 5. Declining Productivity, 6. Economic Uncertainty. Faced with some combination or all of these problems, corporations are looking for new technologies such as computer simulation models which enable them to evaluate the impact of alternative policies, opportunities, and external events on the performance of the entire corporation.
If corporate simulation models are going to help management meet the challenges and the opportunities generated by the events described above, then some changes must necessarily take place in the theory and application of corporate simulation models.
First, there seems to be a definite need to make corporate simulation models more user-oriented. If top management is going to be motivated to participate in the development of a corporate model and to make use of the model once it has been completed, then both the model and the modeling language must be relatively easy to understand. Corporate models which have been written in scientific programming languages like FORTRAN and APL do not tend to be very user-oriented. A number of the new planning and budgeting languages like PROPHIT II and SIMPLAN are highly user-oriented and greatly facilitate both the conceptualization and the coding of corporate simulation models.
Second, we anticipate that the use of production planning models [19] , [25] linked into an overall corporate simulation model will become increasingly important. The energy crisis, shortages, and problems of declining productivity, necessarily imply that greater attention will be given to production modeling than has been the case in the past.
Third, some firms may soon begin experimenting with the use of optimization techniques [9] , [11] , [23] linked to corporate planning models. This linkage is likely to occur in two important areas. The most obvious area is in production planning where mathematical programming routines can be used to generate the minimum cost production plans associated with given demand forecast. In addition, some firms are beginning to experiment with the use of goal programming and portfolio optimization models to assist in the allocation of resources among alternative divisions or strategic business units in the firm.
Fourth, although relatively few firms have successfully integrated finance, marketing, and production into a single overall corporate simulation model, there is every indication that we will see an increasing number of firms moving in this direction. In the past, these types of linkages were very cumbersome to do in conventional scientific programming languages. It was difficult to build in adaptability and flexibility. Some of the new corporate simulation languages greatly simplify the integration of finance, marketing, and production into a single corporate simulation model. Fifth, a number of firms such as Xerox [22] are now beginning to experiment with models of the external environment as well as internal corporate planning models. We see this type of modeling becoming much more important during the next decade. A series of global, economic, political, social, and environmental problems has given rise to a new breed of corporate futurists.
Sixth, we believe that both model builders and users of corporate simulation models are becoming increasingly aware of the importance of corporate politics [16] in the successful implementation of a corporate planning model. Model builders are finally learning to speak the language of top management. Top management has learned to ask the right questions.
